Abstract: HAPs (High-Altitude Platforms) are one of the most promising alternative infrastructures for providing wireless communications to overcome the shortcomings of terrestrial-tower-based and satellite systems. This paper investigates a multipair two-way MM-AF (Massive MIMO Amplify-and-Forward) relay system over HAPs, where multiple user pairs exchange information within a pair through a relay with a very large number of antennas, and a HAP channel is modeled to follow a Rician fading distribution because of the presence of a line-of-sight path. First, the effect of hardware impairments on a multipair two-way MM-AF system is taken into consideration and is modeled using transmit and receive distortion noises. 
Introduction
HAPs (High-Altitude Platforms) are novel alternate technologies that provide new possibilities for wireless communications such as large coverage areas, less hardware, high data rates, and short propagation delay while combining these advantages in both terrestrial- Massive MIMO is a promising technology to meet the ever-increasing data-rate demand in 5G (fifthgeneration) mobile communications. It is a robust, VHFXUH VSHFWUXP DQG LV HQHUJ\ HI¿FLHQW [1] . It is natural to consider a massive MIMO scheme, i.e., a large antenna array that serves multiple users on the same channel. The challenge nowadays is to investigate the application of Massive MIMO techniques to HAPbased communication systems.
Many existing works considered HDR, where the relay transmits and receives using an orthogonal frequency or time resources [2] . FDR has recently attracted considerable attention as an approach to double the SE of traditional HDR [3] . However, the main obstacle faced by FDR is its difficulty in canceling strong EI (Echo Interference) from the relay output to the input [4] . A relay system includes one-way and two-way communication [5] . A two-way relay system can overcome the inherent time and spectrum resource losses in a one-way relay system.
7R DFKLHYH VSHFWUDO DQG HQHUJ\HI¿FLHQW WUDQVPLVVLRQV
for multiple user pairs, recent works sought to incorporate both HDR [6, 7] and FDR [8, 9] with massive MIMO.
However, most works on massive MIMO have been based on the strong assumption of using perfect hardware in the RF (Radio-Frequency) chains [6] [7] [8] [9] . In fact, since there are a massive number of antennas, low-cost RF chains are needed to reduce the cost. Lowcost components are prone to hardware imperfections that must be considered in practical systems [10] .
7R WKH EHVW RI RXU NQRZOHGJH WKLV LV WKH ¿UVW SDSHU
on the study of the effects of residual impairments in multipair two-way massive MM-AF relay systems over Rician fading channels. This is different from works that considered the effects of hardware impairments on single-user and multiuser massive MIMO base station systems [10, 11] and multipair oneway DF-based massive MIMO FDR systems in Rayleigh fading channels [12] . Moreover, we consider Rician fading channels, which are the most important models for representing a received signal composed of both diffuse scatter components and a LoS (Line-of-Sight) component, and are typical for HAP communication. In this paper, the effects of hardware impairments on a multipair two-way MM-AF system over Rician fading channels is taken into consideration and is modeled using transmit and receive distortion noises [10] . 'XULQJ WKH VHFRQG SKDVH 5 DPSOL¿HV WKH UHFHLYHG signal. Then, R forwards the amplified signal back to the users, and the received signal at the kth user is given by (2) where the distortion noises
and 
The transmit vector of R at time instant t with power P R =Tr
M×M is the beamforming matrix, and d denotes the processing delay at R.
In this paper, we regard the RLI (Residual Loop Interference) at R as additional noise [13] . As a result,
we replace x R (t) in Eq. (3) denotes the deterministic component, and we let have an arbitrary rank as [14] [ ] mk = e j(m ʌd/Ȝ) sin(ș k ) , where ș k is the arrival angle of the kth user, Ȝ is the wavelength, and d is the antenna spacing.
For convenience, we will set d = Ȝ/2 in this paper.
In this paper, we assume R has estimates of channels G i , but no instantaneous knowledge of G RR .
For the considered Rician fading channel model, we assume that both the Rician K-factor matrix and the deterministic LOS component are perfectly known at R, so we only need to estimate . The real channel can be represented as G i = ǻG i , where DQG ǻG i denote the available channel estimate and estimation error, respectively. The elements of the kth FROXPQ RI ǻG i are RVs with zero means and variances
is the MMSE estimation of g i,k . In this paper, ZH FRQVLGHU ǻg i,k and to be independent.
Relay transceiver design and asymptotic analysis
In this section, we propose a ZFR/ZFT beamforming design. The asymptotic end-to-end SINR of the proposed transceiver scheme for multipair two-way HDR and FDR system are analyzed.
Lemma 1 By the law of large numbers, when M is large enough, the inner product of any two columns in the estimate channel matrix can be found as [14] (5) 1) Half-Duplex Relay: The ZFR/ZFT beamforming matrix is (6) where a zf LV WKH DPSOL¿FDWLRQ IDFWRU P = diag {P 1 , 
Simulation results
In this section, we examine the SE of the multipair two-way HDR and FDR system which are defined
respectively. Without a loss of generality, we assume From Fig.2 , we can see that there exists a switching point between HDR and FDR as increases.
By increasing M, the constraint on for FDR outperforming HDR relaxes, which implies that FDR becomes attractive when M is large. This is because the effect of EI in FDR becomes smaller in this case. 
Conclusion
In this paper, we investigated a multipair two-way 
